Bioluminescence microscopy for cellular level circadian analysis in the suprachiasmatic nucleus Traditionally, luminescence has not been able to provide sufficient spatial resolution at the microscopic level without the use of expensive imaging equipment. The new Olympus LV200 microscope has changed all this; its unique optical geometry and precise incubation capabilities enable acquisition of even the faintest signals with cellular-level detail. This has opened up new frontiers in many areas of research, especially in the study of circadian rhythm-related events.
The Olympus LV200 microscope ( Fig. 1) has enabled cellular-level analysis of a structure in the hypothalamus of the mammalian brain, called the suprachiasmatic nucleus (SCN). The SCN contains a 'daily clock' that generates near-24-hour (circadian) rhythmic variations in both physiology and behavior. This clock is synchronized to changes in environmental illumination (day-night variations) by light information, which is conveyed directly to the SCN by a specialized input from the eye. The SCN neurons send clock information to the rest of the brain and body via nerve pathways and secretion of particular chemicals. Some SCN cells contain the necessary molecular apparatus to function as single-cell timekeepers ('clock cells'), whereas others lack this property. The ability to identify clock cells and the chemicals via which they communicate with one another as well as with the rest of the brain is key to research in this field. Fluorescence microscopy is not always effective for such studies because repeated exposure to the illuminating radiation can cause rapid deterioration in the health of tissues. Luminescence is an alternative that has not traditionally provided the high spatial resolution required, but the advances made in the Olympus LV200 challenge this limit.
The model of a modern bioluminescence microscope
The Olympus LV200 Luminoview has been optimized for collecting the faint light associated with bioluminescence, providing consistent cellular-level clarity. The path from the object to the camera is straight and as short as possible to ensure that as much light as possible reaches the charge-coupled device (CCD) chip. Therefore, there are no unnecessary additional mirrors, filters or lenses, which can all contribute to light absorption. What is more, the tube lens has an extremely high numerical aperture (NA), which affords a vast increase in sensitivity when compared to conventional microscope optics. This enables the Olympus LV200 to produce signal outputs many times higher than traditional systems and therefore to use conventional CCD or electron-multiplying CCD cameras rather than expensive liquid nitrogen-cooled devices. These unique optical properties allow exquisite single-cell resolution not previously possible with standard imaging equipment.
Environmentally aware
With the optical components optimized for the detection of luminescent light, the LV200 is housed inside a light-tight box that also serves as a precisely controllable environmental chamber. The system provides independent temperature controls for the stage, incubation chamber, top cover and objective to ensure that temperature is maintained as precisely as possible. This also ensures that the major components are all at the same temperature, avoiding expansion or contraction issues and condensation on the objective. A water reservoir This article was submitted to Nature Methods by a commercial organization and has not been peer reviewed. Nature Methods takes no responsibility for the accuracy or otherwise of the information provided.
for long-term live cell imaging, though, make it very attractive to researchers. The LV200 system represents a sea change in luminescence imaging capabilities, as its optics have been optimized for luminescence.
provides the correct humidity level, ensuring that the components of the growth medium remain at the correct concentration. CO 2 flow control enables pH stability, and culture medium can be replenished or changed using a special pump system. Such environmental control enables samples to be continuously monitored over days or even weeks, without the need to move the sample. The optical path has also been designed to enable dualcolor luminescence as well as transmitted-light fluorescence imaging. Furthermore, with standard brightfield illumination and phase contrast inserts, target areas of the sample can be found easily before switching to luminescence detection. It is therefore also possible to produce luminescence and fluorescence overlays on brightfield images, which provides users with the capability to localize and colocalize proteins more precisely. (Fig. 2) . 
The advantages in practice
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